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ABSTRACT
Surficial electrical resistivity and shallow geothermic surveys were
conducted in an area just east of the Sheffield low-level radioactive
waste disposal site in Bureau County, Illinois. The purpose of these
surveys was to find and delineate the boundaries of water-bearing, coarse-
grained glacial deposits that could be conduits for tritiated groundwater
leaving the waste disposal site. The results of these surveys were to be
used to assist in the planning of an exploratory drilling program in this
area. The surveys were successful in locating a narrow, east-west trending,
water-bearing, coarse-grained deposit that subsequent test drilling and
groundwater sampling have established to be a conduit for tritiated ground-
water leaving the waste disposal site.
INTRODUCTION
The Sheffield low-level radioactive waste disposal site, located in
southwest Bureau County, Illinois (Sec. 26, T. 16 N., R. 6 E.) (fig. 1),
was closed in April 1978. Continuous monitorino of the site detected small
amounts of tritium in a few observation wells bordering the site. The trit-
iated groundwater appeared to be confined to local sand deposits of glacial
origin.
Figure 1. Location of the Sheffield area of Bureau County, SW%
NW/4 SE% Section 26, T. 16 N., R. 6 E.
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In preparation for an extensive drilling program to delineate the
boundaries of these sand deposits in an area immediately east of the waste
disposal site (fig. 2), the Illinois State Geological Survey was requested
by the U. S. Geological Survey to perform a reconnaissance surficial elec-
trical earth resistivity survey in this area.
The study area is located on the side of a hill that slopes north and
east away from the main access road to the waste site toward a region of
ground disturbed by coal strip-mining. The area has been cleared of timber
recently, and large gullies have developed in the bare ground. These gull-
ies, the slope of the hill, metal fencing, steel well-casings, and heavy
machinery at the nearby waste site all were obstacles to the successful
application of the surficial electrical earth resistivity method. Neverthe-
less, vertical electrical sounding (VES) data were gathered east of the
waste site. Analyses of these data (Larson, 1981) indicated that the sand
deposits in question extend eastward from the waste site. This conclusion
was confirmed when, during the first phase of drilling, thick sections of
sand were encountered in several test holes in the surveyed area. More im-
portantly, analyses of the groundwater in these test holes indicated that
tritium had been transmitted through the sand eastward from the waste site.
The location of the test holes in which tritium was detected led to the
inference that the conduit for the tritium migration through the study area
is a narrow, east-trending, water-bearing, coarse-grained deposit.
Subsequently, the Tritium Study Steering Committee (composed of repre-
sentatives of the Illinois State Geological Survey, U. S. Geological Survey,
Illinois Attorney General, Illinois Department of Nuclear Safety and U. S.
Ecology, Inc.) requested that the Illinois State Geological Survey perform
a more detailed resistivity survey of part of the previously surveyed area.
In addition to the resistivity survey, another geophysical exploration method
(the shallow geothermic method) was also employed. The simultaneous appli-
cation of two or more geophysical exploration methods is common practice.
It usually allows the geophysicist to resolve any ambiguities present in the
individual methods, and thus improve the interpretation of all the data.
The shallow geothermic method has been used successfully in previous invest-
igations of glacial materials (Cartwright, 1968).
- 3
The findings of the resisitivity and the shallow geothermic surveys are
discussed in this report.
GEOLOGY
The study area is underlain by unconsolidated glacial sediments of
Wisconsinan and Illinoian age resting on Pennsylvanian bedrock. The Pleisto-
cene stratigraphy of the Sheffield disposal site has been described by
Foster and Erickson (1980) and is summarized in figure 3. Essentially, the
Pleistocene sediments consist of variable amounts (0 to 27 ft) of Peoria
Loess overlying one to three members of the Glasford Formation. The sand
unit in this succession, the Toulon Member of the Glasford Formation, is the
unit of interest in this study. An outwash deposit varying considerably in
thickness (0 to 33 ft) and texture, consists generally of a poorly sorted,
pebbly sand, but occasionally grades into either clean sand or clean gravel.
The bedrock surface is composed mainly of a shale of the McLeansboro
Group (Willman et al
.
, 1975) that overlies rocks of the Carbondale Formation.
In its upper part the Carbondale includes the Herrin (No. 6) Coal Member,
which is the object of local strip-mining (Smith and Berggren, 1963).
ORIGINAL RESISTIVITY SURVEY
The original surficial electrical earth resistivity survey (Larson,
1981) consisted of 17 vertical electrical sounding (VES) stations arranged
in a regular grid with 45 meter (147.5 ft) spacing (figs. 4 and 5). Vertical
electrical soundings were made, using an expanding Schlumberger electrode
configuration with a constant outer-to-inner electrode ratio (L:l) of 10:1.
Inversion of the VES data by the Zohdy (1973) technique indicated the presence
of a \/ery high-resistivity layer sandwiched between two layers of much lower
resistivity. Larson (1981) divided the near-surface geoelectric sections
into four zones, gave their geologic equivalents, and assigned resistivity
ranges for each zone (table 1). The high resistivity layer was associated
with the sand of the Toulon Member. Maps were constructed to show the areal
variation in the resistivity of the high-resistivity layer, depth to the top
of the high-resistivity layer, and the thickness of the high-resistivity lay-
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Figure 3. Geologic time classification system in relation to rock stratigraphic classification
system (from Foster and Erickson, 1980).
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Figure 5. Location of vertical electrical sounding (VES) stations occupied in original electrical earth
resistivity stations.
Table 1. Electrical zones and their geologic equivalents
Electrical
zones
Resistivity Geologic
(ohm-m) equivalent
1 17-60
2 41-53
3 84-880
4 9-56
Holocene soil or fill
Peoria Loess and Radnor Till Member
Toulon Member (sand and gravel)
Hulick Till Member and Pennsylvanian shale
er. However, these maps should be considered as preliminary; the thickness
map is especially tentative because of the diminished resolution power of
the inversion technique with depth. The lower boundary of the high-resistivity
layer, therefore, cannot be determined with confidence.
NEW RESISTIVITY SURVEY
The new, more detailed electrical earth resistivity survey was conducted
in a relatively small area in the west-central part of the previously surveyed
area. This new survey consisted of 25 vertical electrical sounding (VES)
stations arranged in a regular grid with 20-meter (65.8 ft) spacing (figs. 4
and 6). As in the original survey, each vertical electrical sounding was
made by using an expanding Schlumberger electrode configuration with a con-
stant outer- to- inner electrode ratio (L:l) of 10:1. The new VES data were
also analyzed, using the Zohdy (1973) inversion technique. As expected, the
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Figure 6. Location of vertical electrical sounding (VES) stations occupied in later, more detailed elec-
trical earth resistivity survey.
geoelectrical sections obtained from the inversion of the new VES data were
similar to those obtained from the previously gathered VES data (a high-
resistivity layer between two low-resistivity layers).
From the inverted VES data of the original and the new resistivity
surveys a more detailed map of the areal variation of the resistivity of
the high resistivity layer (the sand of the Toulon Member) has been con-
structed (fig. 7). Small-scale variations in the resistivity contours have
been manually filtered out to provide a smoother, more readily interpret-
able map. All resistivity values associated with the high-resistivity
layer are equal to or greater than 50 ohm-meters. Resistivity values of
this magnitude are usually associated with deposits that are a combination
of sand and gravel. Extremely high resistivity values are often associated
with coarse-grained deposits above the water table. Very dry, fine-grained
deposits may also have resistivity values greater than 50 ohm-meters. For
the most part, variations in resistivity retained in this map are due to
variations in grain size, sorting, and water content of the sand of the
Toulon Member.
In three discrete locations in the surveyed area, resistivity values
of the high-resistivity layer exceed 150 ohm-meters. The resistivity anom-
aly in the northeast part of the surveyed area, a narrow, east-west trending
high, is collocated with several test holes that were found to contain
tritium. Thus, it is reasonable to conclude that this positive resistivity
anomaly is associated with a coarse-grained conduit for tritiated groundwater
leaving the waste site. The other two resistivity highs (one in the north-
west and one in the southwest) are defined by fewer data points than trie
previously discussed positive resistivity anomaly, and are not collocated
with any test holes found to contain tritium. Although it is known that the
Toulon Member sand is present in test holes close to the northwestern and
the southwestern positive resistivity anomalies, it is impossible from the
resistivity data alone to relate these anomalies with any degree of confi-
dence to other possible conduits for tritiated groundwater leaving the waste
sites.
Inversion of all the vertical electrical sounding (VES) data gathered
to date was also used in the construction of a map showing depth to the top
of the high-resistivity layer (fig. 8). The high resistivity layer shown
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Figure 7. Resistivity of the high resistivity layer.
on this map is generally shallower on the eastern side of the study area;
this is not surprising, since topographic elevations are lower there. It
should be emphasized that this map may not be an accurate representation of
the depth to the Toulon Member sand. In areas of relatively high topographic
elevation (the western side of the surveyed area) the high-resistivity layer
may include unsaturated, fine-grained deposits above the Toulon Member sand.
The drained, fine-grained deposits would have high resistivity values.
Uncertainties about the nature of the deposits at the top of the high-
resistivity layer (especially in areas of relatively high topographic relief)
and about the accuracy of the depths to the lower boundary of the high-
resistivity layer make the construction of a map showing the thickness of
this layer unwarranted.
We have already discussed some of the difficulties in the application
of surficial electrical earth resistivity methods in the study area. There
are also problems with the application of the Zohdy (1973) inversion tech-
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Figure 8. Depth to the top of the high resistivity layer
nique for automatic inversion of VES data. This technique assumes that the
subsurface consists of horizontal layers, and that each layer has a constant
resistivity. These conditions are not always satisfied in the study area
because of changes in the surface topography and because of the complex
deposition and lithology of the unconsolidated deposits.
SHALLOW GEOTHERMIC SURVEY
Shallow, water-bearing, coarse-grained deposits often form a heat
source (or sink) that influences the temperature of the soil beyond the
effects of the heat originating at the land surface and the geothermal heat
from the earth's interior. A positive (warm) temperature anomaly would be
expected over a shallow, water-bearing, coarse-grained deposit in the winter
and a negative (cool) temperature anomaly in the summer. The size of the
anomalies is dependent upon the thermal properties of the overburden, temp-
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erature difference between the surface and the water-bearing, coarse-grained
deposit, and the depth of burial of the deposit.
In a further effort to find shallow, water-bearing, coarse-grained de-
posits and delineate their boundaries in the area just east of the waste
site, a shallow temperature survey was initiated there on May 12, 1982. A
Cole-Palmer digital thermometer (model K-8502-40, accurate to +.71°F between
-22.0°F and 122. 0°F) and Cole-Palmer general thermistor probes (model K-8415-
21) were used to measure temperatures at a depth of one meter at 67 stations
in the study area. Most of the stations were located on a regular grid with
60-foot (18.2-m) spacing. Additional stations were inserted in the grid
(fig. 9) in some areas where more detail was needed.
A map of the shallow temperatures in the study area (fig. 10) shows
that these temperatures range from 49.31°F to 59.37°F. The dominant feature
on this map is a positive anomaly extending from the northeast corner of the
surveyed area (where the observed temperatures are the highest) in a wester-
ly direction to stations 36 and 40 along the main north-south access road
to the waste site. The location of this positive temperature anomaly coin-
cides with the positive resistivity anomaly shown in figure 7.
These combined results provide strong evidence that a water-bearing,
coarse-grained deposit capable of transporting tritiated groundwater away
from the waste site does exist here. The positive temperature anomaly indi-
cates that the water-bearing, coarse-grained deposit was a heat source at
the time this survey was performed. It is understandable that this anomaly
is more pronounced on the eastern side of the surveyed area where the surface
elevations are lower and where the coarse-grained deposits and the water
table are closer to the surface. A test hole (560) near station 53, where
a high temperature of 58.34°F was observed, encountered the Toulon Member
sand at a depth of one foot. The water table at this test hole was 16 feet
below the land surface, within the Toulon Member sand.
Subsequent to this initial temperature survey, more test holes were
drilled in the area of the positive temperature and positive resistivity
anomalies. The conduit transporting the tritiated groundwater eastward
away from the waste site was well delineated. At this time there was
still some question about the direction in which tritiated water was
13
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Figure 10. Geothermic survey (temperature ( F) at 1 meter below land surface). May 12, 1982
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moving away from the waste site near test hole 560. On September 10, 1982,
a smaller, more detailed shallow temperature survey was conducted in the
northern part of the study area in an attempt to answer this question. In
this survey temperatures at a depth of one meter below the earth's surface
were recorded at 79 stations spaced 30 feet (9.14 m) and sometimes closer
in a series of lines 60 feet (18.29 m) apart (fig. 9). The temperatures
observed in this new survey (fig. 11) were greater than those of the previ-
ous survey because surface temperatures were greater at the time the later
survey was performed. A positive (winter) anomaly was again observed to be
associated with the water-bearing, coarse-grained deposit; the size of this
anomaly was diminished relative to the anomaly observed in the earlier
survey. This was probably related to the time of the year. The more
detailed shallow temperature map of the northern part of the study area
shows that the highest temperature associated with the positive temperature
anomaly is located at station 91 (71.09°F). Moreover, the configuration of
the positive temperature anomaly here indicates that this anomaly—and
therefore the water-bearing, coarse-grained deposit— probably continues in
a northwesterly direction west of test hole 560.
It should be apparent from this discussion that the interpretation of
the data gathered in this survey is qualitative in nature. A quantitative
interpretation would require knowledge of the thermal diffusivities of the
unconsolidated deposits.
CONCLUSIONS
In an area just to the east of the Sheffield low-level radioactive
waste site, a combination of geophysical methods (surficial electrical earth
resistivity and shallow geothermic methods) were used in an attempt to find
and delineate conduits for tritiated groundwater leaving the waste site.
In the northern part of the study area, collocated resistivity and
temperature anomalies have indicated the presence of a narrow, east-trending,
water-bearing, coarse-grained deposit in the Toulon Member of the Glasford
Formation. Subsequent test drilling and sampling have confirmed the presence
of this water-bearing coarse-grained deposit and established it as a conduit
for tritiated groundwater.
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